Nutrition eariy in life may influence adult mortality. The fetal-origins hypothesis suggests that nourishment before birth and during the individual's infancy programs the development of risk factors for several important diseases of middle and old age. The present study was designed to evaluate the impact of extreme nutritional deprivation in utero and during infancy and eariy childhood on mortality in later life. The authors analyzed the survival of the cohorts bom in Finland during the severe 1866-1868 famine and during the 5 years immediately preceding and 5 years immediately following the famine. The study included 331,932 individuals born prior to the famine, 161,744 bom during the famine, and 323,321 bom after the famine. The authors assessed survival by cohorts from birth to age 17 years and from age 17 to 40, 60, and 80 years, as well as average length of life after age 80 years. Survival from birth to age 17 years was significantly lower in cohorts born before and during the famine than in the cohorts bom after the famine (males, 0.566 vs. 0.671, a difference of 0.105 (95% confidence interval (Cl) 0.102-0.108); females, 0.593 vs. 0.692, a difference of 0.099 (95% Cl 0.096-0.102)). At subsequent ages, including old age, mortality was practically identical in the famine-bom cohorts and in the five cohorts bom before and after the crisis. For both males and females, survival from 17 to 80 years and mean remaining lifetime at age 80 years were very similar across the 13 cohorts studied. These findings suggest that, although cohorts subjected to prolonged and extreme nutritional deprivation in utero and during infancy and eariy childhood suffer an immediate rise in mortality, after the crisis has passed, they carry no aftereffects that influence their survival in later life. Am J Epidemiol 1997; 145:987-94. cohort effect; fetal growth retardation; mortality; nutrition; survival rate
The lingering effects of early-life conditions on adult mortality have long intrigued epidemiologists and demographers. Nearly 65 years ago, Kermack et al. (1) analyzed death rates in Great Britain and Sweden and concluded that cohorts carry their later-life mortality with them from childhood. Some other studies of 19th and 20th century populations have shown similar results, but it is very difficult to disentangle the effect of belonging to a cohort and the effect of changing living conditions widi time (period effects) when both cohorts and periods have shown substantial gradual mortality improvement (2) .
Nutrition and infections are the most prominent hypothesized early-life conditions of importance for adult mortality. Due to lack of data on individuals' early-life nutrition and infections as well as later life mortality, adult height has often been used as a proxy for these early-life exposures (2-4), although it is likely that genetic factors make a very significant contribution to the variation in height (5) .
In a long series of papers, Barker et al. (6) (7) (8) (9) have reported on a follow-up of individuals found in a large British source of detailed birth and infant records from the beginning of the century. These studies have indicated that low growth rates in utero and during infancy are associated with adverse health outcomes at adult ages. In particular, they have reported a strong relation between reduced growth early in life and high death rates for cardiovascular diseases (6) (7) (8) (9) . Based on these observations, Barker et al. have proposed "the fetalorigins hypothesis," which asserts that a baby's nourishment before birth and during infancy program its susceptibility to diseases late in life. Positive associations between low growth rate in utero and during infancy (measured as weight at birth and at 1 year of age) have been reported not only with cardiovascular diseases, but also with diabetes mellitus, hypertension, raised serum cholesterol, abnormal blood clotting, autoimmune diseases, and even suicide (6) (7) (8) (9) (10) . Because these associations involve the causes of most adult deaths, nutrition in utero and during infancy may be crucial to adult health and mortality. The fetal-origins hypothesis suggests optimism concerning future population levels of diseases, because an increase in birth weight has been observed in a number of countries during recent decades and interventions to increase birth weight seem feasible (11) . However, the possibilities for testing the fetal origins of adult diseases are limited at present because data are lacking both on nutritional intake (or even birth weight) and on disease incidence over the entire adult life (12) . Most studies have replaced disease incidence by disease prevalence or mortality, and follow-up has usually been limited to certain age ranges. The lack of birth weight data has been addressed by studying twins, who experience considerable growth retardation during the third trimester (13, 14) .
Studies of cohorts that have experienced famine in utero and during infancy can shed light on the influence of fetal programming of adult diseases and the more general hypothesis that early-life conditions affect late-life mortality. From the extensively analyzed Dutch famine of 1944-1945, it is known that third trimester exposure to famine reduces fetal growth including birth weight (15) . One of the most major well-documented mortality crises in population history is the 1866-1868 famine in Finland. Three successive crop failures, the last two of which were total losses in many areas, caused widespread famine followed by epidemic diseases. As a result, mortality increased sharply at all ages. The excess mortality during the 3 years carried away no less than 8 percent of the total population of the country; infant mortality rose to 40 percent in 1868. With a good crop in autumn 1868, the situation returned to normal late in 1868 and during the following years (16) .
The 1866-1868 Finnish famine thus represents a well-defined time period of extremely serious and prolonged malnutrition among a population including expectant and lactating mothers, infants, and young children. The official statistics of Finland contain comprehensive, accurate information on the catastrophe and its aftermath all the way up to the extinction of the affected generation. Based on the fetal-origins hypothesis and the line of epidemiologic research that emphasizes the cohort effects of earlylife conditions on adult mortality, it can be expected that the cohorts born during or just before famine would experience increased mortality in later life. In the present study, the survival of the three Finnish famine cohorts from 1866-1868 is compared with the five immediately preceding cohorts, which were also affected by the famine, but at ages 1-7 years, as well as the five succeeding cohorts, which were born after the famine.
MATERIALS AND METHODS
Our study is based on Finnish vital statistics, which include information on annual live births and deaths. Although comprehensive vital statistics for Finland go back to 1751, two factors complicate measurement of survival of the 1861-1873 cohorts. First, deaths have been cross-classified on an individual level by year of birth and year of age only since 1878. Therefore, the youngest age for which the number of survivors can be determined for the 1861-1873 cohorts is age 17 years. Second, migration statistics were unsatisfactory because they included persons who took out passports whether they actually emigrated or not, and because they took no account of individuals who returned. From about 1890 to 1914, large-scale emigration to North America took place (17) .
To overcome these limitations in the data source, the following five survival indicators for males and females were chosen: survival from birth to age 17 years, and then to ages 40, 60, and 80 years, and average length of life after age 80 years. 
Survival from birth to age 17 years
The annual number of live births is directly available from the vital statistics. Because the births were given for both sexes combined, the officially recorded sex ratio (1.048) for 1861-1870 was used to estimate the size of the two sex groups. The number of survivors at age 17 years was obtained from death counts and the census population at the end of 1880. The deaths after exact age 17 years but before the census were added to the census population of the 1861-1863 cohorts, while for the 1864-1873 cohorts the deaths which took place after the census but before age 17 years were subtracted. This procedure converts the census age to age 17 years. Published estimates of age-specific death rates for the period are consistent with our estimates (18) .
Survival from age 17 to age 80 years
From age 17 years onward, the mortality history of the cohorts under study, excluding emigrants, is accurately known because the age of every deceased person was routinely verified against the population register, which in turn was based on birth registration. Net emigration in each cohort after age 17 years was calculated as the difference between the number of survivors at age 17 years and the number of all subsequent deaths recorded for the cohort. The latter figure represents non-migrants at 17 years, and their subsequent mortality at any given age is readily obtained from the number of deaths.
Average length of life after age 80 years
After age 50 years and particularly after 80 years, international migration was negligible and the cohorts were gradually reduced only by death. The cohorts born in 1861-1873 are now extinct; the last survivor, a woman born in 1872, died in 1978. Survival after age 80 years is expressed as the average number of years actually lived. Figure 1 illustrates the sharp increase in mortality during the famine and the less dramatic drop in the crude birth rate. Table 1 shows the follow-up of cohorts born before, during, and after the 1866-1868 famine. Survival from birth to age 17 years (figure 2) was significantly lower in cohorts born before and during the famine than in the cohorts born after the famine (males, 0. mortality curves given in figure 3 , which are based on published estimates (18) , indicate that no pronounced cohort effects were present before age 17 years. The curves rise and fall together in successive calendar years; there is no apparent indication that high mortality in a younger age category is followed by high mortality in older age categories as cohorts grow older. Table 2 summarizes the indicators of adult survival for the three famine cohorts and the three and five cohorts immediately preceding and following the famine cohorts. The indicators of adult survival were all approximately equal across these three groupings of cohorts, and rarely differed by more than 1 percent. Some survival indicators were higher for famine-born cohorts than for the controls. The remarkable stability of the survival indicators across the different cohorts is also shown in table 1 and figure 4. It is clear that the cohorts born before or during the famine do not differ substantially from the control cohorts born after the famine in any of the adult survival indicators. The survival curves for the famine cohorts and the control cohorts were virtually identical after childhood. YEAR FIGURE 3. Age-specific death rates (age groups 1-2, 3-4, 5-9, and 10-14 years) for both sexes, Finland, 1860-1880 (18).
RESULTS
Net emigration after age 17 years was 9.5 percent for males in the famine cohorts compared with 10.0 percent for the 10 cohorts born before and after the famine; the corresponding numbers for females were 4.9 percent and 5.6 percent. These small differences are statistically significant (p < 0.01) because the population studied is so large.
DISCUSSION
Our study provides information on the long-term health consequences for cohorts born during and just before and after a famine. The fetal-origins hypothesis asserts that an individual's nourishment before birth and during infancy program the development of risk factors for a number of specific diseases in adulthood (in particular, cardiovascular diseases). Our data are on a cohort basis and information on individual birth weight is not available. A nationwide famine, however, that carried away no less than 8 percent of the total population in a nonindustrialized country is likely to affect the nutrition of the majority of the population, including most of the pregnant women and their babies. A limitation of our study was the inability to assess cause-specific mortality due to the historical nature of the cohort investigated. Data on causespecific mortality from Nordic countries are available back to the 1930s (19) , and even at that time cardiovascular diseases were among the most frequent • The control cohorts consist of the 3 (5) immediately preceding and following trie famine birth cohorts.
t For all proportions surviving, the standard error is in the interval 0.001 to 0.003.
causes of death. Substantially increased cardiovascular disease mortality should be detectable in a sample of 160,000 cases born during the famine and 650,000 individuals born in the preceding and following 5-year periods. Furthermore, the growing number of other reported adverse health outcomes linked to reduced growth early in life would also be expected to increase the mortality of the famine cohorts.
A limitation in the demographic data is that survival from birth to age 17 years may be underestimated due to emigration. However, because the emigration to North America mainly took place from about 1890 to 1914 (17) , it is unlikely to have had a substantial effect before age 17 years on cohorts born between 1861 and 1873. Approximately 10 percent of the males and 5 percent of the females were lost to follow-up during the life terms of both the famine cohorts and the adjacent cohorts due to emigration. There were slightly less emigrants in the famine cohorts. Because the very weakest in the population probably did not emigrate, this small difference might tend to decrease survival for the non-emigrated famine cohorts. Considering the small size of the emigration group in the different cohorts, extremely large differences in survival for the emigrants in the famine cohorts and the adjacent cohorts are needed to affect the overall result, which shows practically identical survival indicators in adulthood. Therefore, emigration is unlikely to have any significant impact on the survival indicator comparisons.
A remarkable similarity in the survival indicators throughout adult life was observed for the famine cohorts and the cohorts born both before and after the famine. Survival after ages 60 and 80 years shows a slight tendency to increase due to a secular trend of mortality decline but the famine-born cohorts fail to stand out from the general trend.
There is a potential for selection biases in the present study, because survival from the famine is likely to be related to factors such as fitness, social class, and education, which are possibly predictive of longevity. During the 1860s, there existed in Finland a small, relatively affluent and well-educated class, mainly in the cities. This class was, however, of small importance because Finland was then 93 percent rural. The great majority of the rural population was engaged in farming, animal husbandry, and other occupations linked to farm life. On the other hand, a factor that counteracted normal selection was that the excess mortality during the famine was not evenly distributed throughout the country. Mortality was heaviest in the more prosperous agricultural areas south and west of the geographic center of the country and was considerably less in the poorer northern and eastern regions, as well as on the relatively urbanized south coast (in the late 19th century, mortality was higher in urban than rural areas). Furthermore, in the pre-famine cohorts, about 40 percent of girls and 43 percent of boys died before age 17 years. When this percentage rose in the most affected cohorts to 44-47 percent, it did not leave much room for additional selection to operate. Any study of the lingering effects of adverse conditions early in life is confronted with this kind of selection problem. Analyses of the effect of fetal and infant conditions on adult diseases and mortality inevitably exclude cases who die before adulthood.
In a recent book, Barker (20) discusses the importance of environmental factors after infancy in relation to the fetal-origins hypothesis. The author hypothesizes that poor nutrition in fetal and early infant life is detrimental to the development and function of the /3-cells of the islets of Langerhans and that it alters muscle tissue leading to insulin resistance. Barker suggests that as long as an individual who is undernourished in utero and during infancy remains undernourished throughout adult life, the glucose-insulin metabolism is adequate, whereas a sudden move to good or excess nutrition will trigger diabetes mellitus. He argues that both nourishment in utero and during infancy as well as adult risk factors play a role in the etiology of cardiovascular diseases, but, as he points out, it is not known how important adult overnutrition is in determining coronary heart disease compared with fetal undernutrition. In our view, the complete lack of long-term effects of the famine in the Finnish 1866-1868 birth cohorts suggests that if the fetalorigins hypothesis is valid, environmental factors that emerged during the 20th century are necessary to trigger the effect of fetal and infant undernourishment in programming adult diseases. The Dutch famine cohorts of 1944-1945 provide an additional data source on the long-term consequences of fetal and infant undernourishment (15) . Ravelli et al. (21) carried out a historical follow-up study of 300,000 19-year-old men who had been exposed in utero and during infancy to the famine of 1944-1945.
They found that famine experienced during the last trimester of pregnancy and during the first months of life produced significantly lower obesity rates, whereas famine experienced during the first half of pregnancy resulted in significantly higher obesity rates. The 1944-1945 famine cohorts are still rather young for investigation of cardiovascular disease incidence, but future studies will provide powerful tests of the fetal-origins hypothesis in a 20th-century population.
Twin studies (13, 14) have shown that birth weight per se is not linked to adult mortality. However, birth weight, and especially twin birth weight, may be a poor proxy for measurement of the effects of undernourishment in utero and infancy. However, when no effect of prolonged and extreme nutritional deprivation of mothers and babies can be detected in a largescale follow-up of mortality, it seems unlikely that nourishment before birth and during infancy per se is crucial to adult health. The associations found between birth weight and adult morbidity and mortality in the British (6) (7) (8) (9) (10) 20) and Norwegian (22) studies could have other explanations than a causal link. An obvious possibility is that factors linked to social, family, and environmental conditions are behind both low birth weight and a number of adult diseases, such as cardiovascular diseases. Controlling for social class in studies of the fetal-origins hypothesis may not be sufficient, because income and living standards vary widely within social class groups (23) . Another possibility is that some genes have pleiotropic effects which increase the risk for both low birth weight and diseases later in life.
This study suggests that, although cohorts subjected to prolonged and extreme nutritional deprivation in utero and during infancy and early childhood suffered an immediate rise in mortality, after the crisis had passed they carried no aftereffects that reduced their survival in adult life.
